Combined high precision RBS/channeling, NRA/channeling and perturbed angular studies were used to characterize near-stoichiometric and congruent 
Ion Beam Channeling and Hyperfine Interaction Analysis for the characterization of stoichiometry and anti-site population in
LiNbO 3 A. Kling 1 differs from the 1:1 ratio inferred from the chemical formula LiNbO 3 . The Li deficiency leads to a defect structure for which several models have been proposed.
According to the most common model by Abrahams and Marsh [1] , based on Xray diffraction measurements, Nb occupies about 5.9% of the Li sites forming niobium antisites (Nb Li ). In order to obtain charge compensation, 4.8% of the Nb sites have to be vacant. In contrast, Lerner et al. [2] suggested that the Nb lattice may not contain any vacancies and the number of Nb antisites is limited to the excess [5] , but no correlation to the defect structure of congruent LiNbO 3 was made.
Ion beam channeling and hyperfine interaction measurements are extremely sensitive to structural properties of single crystals and yield complementary information [6] . Using these techniques, a comparative study of the defect properties of both near-stoichiometric and congruent lithium niobate crystals is presented in this work.
Experimental details
Near-stoichiometric LiNbO 3 crystals were grown at the Universidad Autonoma Additionally, the aligned spectrum for the stoichiometric sample exhibits a much higher yield than the random spectrum for α-particles emerging from higher depths. This can be attributed to a significantly lower stopping power in the axial direction for the stoichiometric crystal, which is expected for channeling in a perfect lattice. The resulting higher proton energy at a given depth and the corresponding higher nuclear cross section for the 7 Li(p,α) 4 He reaction leads to an enhanced yield. Computer simulations using the CASSIS code [11] show that in the case of stoichiometric lithium niobate the (0001) angular scan can be described assuming a perfect crystal lattice, as shown in Fig. 3 . For the congruent crystals, simulation results obtained assuming different defect models previously discussed [1] [2] [3] [4] are depicted in Fig.4 . The experimental data are also included for comparison.
The models, that correlate the defect structure only to the niobium antisites, just yield a decrease of the Li-NRA peak height ( Fig. 4a and 4b ), but do not reproduce the experimentally observed broadening. Only the assumption of two different lithium sites as derived from the occurrence of cation stacking faults with inversion symmetry (ilmenite type) results in both a decrease and broadening of the Li-NRA peak (Fig. 4c) . In this case assuming a fraction of 2% dilute randomly distributed stacking faults yields a better fit to the experimental data is obtained.
The angular scans measured for Nb-RBS almost overlap for both congruent and stoichiometric samples. For all defect models only a minor influence on the Nb angular scans is expected, since a small fraction of Nb in Li sites (either 1.2% or 5.9%) would only yield a small increase in the Nb-RBS minimum yield. In the case of the stacking fault model the additional Nb site in the c-plane is projected close to the regular one and therefore cannot be easily distinguished by RBS.
Perturbed Angular Correlation
Figs. 5a) and b) show the PAC spectra and respective Fourier analysis obtained for the congruent and the stoichiometric sample, respectively. The c-axis of the single crystals was in the detectors plane at 45 o with two detectors.
The amplitude of the time differential anisotropy R(t) at t~200 ns is clearly larger for the stoichiometric crystal than for the congruent one. As discussed previously [12] for measurements in a congruent crystal,
111
Cd replaces Li but the PAC spectra cannot be described by only one quadrupole interaction frequency. In fact, the Fourier analysis of the spectra shows a second frequency with a value only slightly higher than the main component. The best fit to the data was obtained have axial symmetry (i.e., η=0). However, the spectra can only be described assuming η>0 for both sites, η This is in contrast with the congruent case, where the resonance is broad and a strong angular dependence of the width is observed.
Conclusions
Ion beam analysis and hyperfine interaction techniques were used to characterize for the first time near-stoichiometric LiNbO 3 crystals. Both techniques
show that the lattice of the stoichiometric sample is undisturbed. A comparative study on congruent crystals reveals that in this case two distinct Li sites exist.
Computer simulations of the Li-NRA and Nb-RBS angular scans for planar channeling rule out the models assuming a substantial fraction of antisite niobium to be responsible for the structural disorder. A cation stacking fault of the ilmenite type occurring randomly with a fraction of 2% reproduces the lithium sites with the observed relative site occupancies. 
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